Emission of herbivore-induced plant volatiles (HIPVs) can differ according to the type of herbivory and the plant development stage, ultimately affecting recruitment of the natural enemy. Little is known about plant defenses induced at the flowering stage by phloem-feeding insects. We investigated the olfactory preference of Encarsia desantisi parasitoids and the chemical profile of flowering melon plants induced or not by the phloem-feeding of Bemisia tabaci whiteflies. In addition, we tested whether the parasitoids were attracted to synthetic defensive HIPVs, which mimicked whitefly-infested flowering melons. The parasitoids recognized volatiles from undamaged melons but preferred the scent of host-infested melons in olfactometry assays. Amounts of most individual volatiles did not differ between plant treatments; however, only whitefly-induced melons released methyl salicylate and tetradecane, compounds known to attract parasitoids. Interestingly, grouping volatiles by chemical classes revealed that whitefly-infested melon released larger amounts of monoterpenes and smaller amounts of benzenoids than undamaged melons, which might underlying the parasitoid attraction and indicate a possible trade-off between defensive and reproductive defenses at the melon flowering stage. Additionally, E. desantisi preferred the mix of synthetic and defensive HIPVs over hexane (control), opening a new avenue for further investigations in using olfactory lures for B. tabaci biological control. This study is the first report of induced defenses in melon plants and their mediation in a tritrophic interaction, as well as the first record of E. desantisi behavioral preference for HIPVs.
Introduction
Herbivore-induced plant volatiles (HIPVs) are chemical cues that attract the herbivores' natural enemies, thus indirectly aiding in plant defense (Turlings and Wäckers 2004; Kessler and Heil 2011) . These plant emissions differ with feeding mode of herbivores, which affects the HIPV cues for natural enemies (Heil 2009; Bonaventure 2014) . Extensive plant tissue damage triggers the octadecanoid pathway, which is orchestrated primarily by the phytohormone jasmonic acid (JA) (Koo and Howe 2009; Erb et al. 2012; Wasternack and Hause 2013) . JA plays a central role in signal transduction of the HIPV emissions (Erb et al. 2012) , thereby increasing the recruitment of natural enemies (Thaler et al. 2002; Bruinsma et al. 2009 ). Phloem-feeding insects, in contrast to chewing herbivores, do not injure plant tissues severely and consequently generally do not elicit JA defensive pathways. Rather, phloem sap-sucking insects activate salicylic-acid 1 3 (SA) signaling, in the shikimate pathway, and suppress JAregulated defenses (Zarate et al. 2007; Zhang et al. 2013a) , thus reducing emissions of JA-dependent volatiles (Zhang et al. 2013b) . Therefore, parasitoids of phloem-feeding pests must use smaller amounts of HIPVs emitted in order to locate their host (Rodriguez-Saona et al. 2003; Walling 2008) .
HIPVs might also differ among plant development stages of intact and herbivore-damaged plants (Lucas-Barbosa et al. 2011) . Inducible indirect defenses are pronounced in plants at early stages, since their small leaves are especially susceptible to herbivory (Ohnmeiss and Baldwin 2000; McCall and Fordyce 2010) . In contrast, mature and flowering plants must redirect energy from producing defensive compounds to producing reproductive tissues (Boege and Marquis 2005; Boege et al. 2007) , in order to provide for pollinator recruitment and seed production (Kessler and Halitschke 2009; Lucas-Barbosa et al. 2011) . As plants mature, this defensereproduction trade-off reduces the emission of defensive HIPVs and thus the plant's attractiveness to herbivores' natural enemies (Pareja et al. 2012; Schiestl et al. 2014; Desurmont et al. 2015) . Since floral volatiles are benzenoids derived from the shikimate pathway (Dudareva and Pichersky 2006; Vogt 2010) , attack by a phloem-feeding insect at the plant flowering stage would likely impact the HIPV cues available to natural enemies (Pareja et al. 2012) .
Chemical dispensers that release synthetic HIPVs may be an alternative way to facilitate the recruitment of natural enemies when plants are emitting only small amounts of HIPVs (Khan et al. 2008; Gurr and Kvedaras 2010; Kaplan 2012) . James (2003a) demonstrated that lures that released plant defensive HIPV compounds, such as green-leaf volatiles and methyl salicylate, were effective in recruiting natural enemies and helped to reduce insect-pest populations. However, most studies that have identified and tested the attractiveness of HIPVs to natural enemies have focused on predators or parasitoids of chewing insects that attack plants at the vegetative stages (James 2003b; Mallinger et al. 2011; Kelly et al. 2014; Jones et al. 2015) . Only a few of these studies have examined how plants attract natural enemies of a phloem-feeding pest (James and Grasswitz 2005) , especially crop plants in the reproductive phase (Yu et al. 2008; Mallinger et al. 2011) .
Here, we investigated the olfactory response of the parasitic wasp Encarsia desantisi Viggiani (Hymenoptera: Aphelinidae) to herbivory by the whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) in flowering melon plants. We also assessed the parasitoid's preference for synthetic and defensive HIPVs, in order to evaluate the feasibility of volatile lures for recruitment of E. desantisi. The whitefly B. tabaci is one of the most important phloem-feeding insects and causes extensive crop damage worldwide (Stansly and Naranjo 2010; Li et al. 2011) . Wasps of the genus Encarsia are thelytokous solitary endoparasitoids of whitefly nymphs (Hoddle et al. 1998; Liu et al. 2015) and have been used successfully to control B. tabaci populations in greenhouses (Arnó et al. 2009; Liu et al. 2015) . To date, only a handful of studies have addressed features of E. desantisi, and the searching behavior of this wasp is largely unknown in spite of its wide distribution in South American crops, specifically using B. tabaci as the host (Heraty et al. 2008) . We conducted olfactometer assays with E. desantisi, using sources of natural and synthetic odors, and we collected volatiles from undamaged and whitefly-infested melon plants at the flowering stage, in order to answer the following questions: (i) is the parasitoid E. desantisi attracted to host-induced volatiles in flowering melons during its host-searching behavior? (ii) does B. tabaci induce volatile-related defenses in flowering melon plants? (iii) is E. desantisi attracted to blends of synthetic defensive HIPVs that are similar to the volatile blend from host-infested plants? This study is the first investigation of the searching behavior of E. desantisi. This is also the first report of melon-plant defenses and the role of melon HIPVs in tritrophic interactions, contributing to the understanding of plant defense-reproduction trade-off strategies.
Materials and methods

Plants and insects
Melon plants (Cucumis melo, type Yellow, variety Mandacaru) were grown in plastic pots (2 L) with the organic substrate Basaplant® and fertilized with Osmocote® (10 N:10 P:10 K). The plants were kept in a sealed, insect-free greenhouse under natural conditions of light, temperature and humidity (18-35 °C, RH 40 ± 10%) until the beginning of flowering (45 days old) and were then used in the experiments. The whitefly Bemisia tabaci was reared on 40-to 55-day-old melon plants. The parasitic wasps E. desantisi were collected in melon fields in Piracicaba, São Paulo, Brazil (22°52′33″S, 047°38′30″W). Parasitoids were identified by the Biological Institute of Campinas and voucher specimens were deposited in the "Oscar Monte" Insect Collection (Campinas, São Paulo). Encarsia desantisi were reared on melon plants infested with third-to fourth-instar nymphs of B. tabaci. All insects were reared in greenhouses under natural abiotic conditions (18-34 °C, RH 40 ± 10%). The experiments were conducted from July to December 2016, in Piracicaba, in the laboratory under controlled conditions (23 ± 2 °C, 50 ± 10% RH) and using supplemental light for plants (Philips Green Power tubular LED, 12L:12D, 120 µmol m −1 s − 1 , 400-700 nm). 
Plant treatments
Olfactometer assays with melon plants
We assessed the olfactory preference of E. desantisi for undamaged and B. tabaci-infested melon plants, using a four-arm olfactometer (14 × 14 × 2 cm). Newly emerged E. desantisi females were placed in individual test tubes, fed with honey for 24 h, and then used in the olfactometer assay. The olfactometer was attached to an ARS Volatile Collection System (ARS, Gainesville, FL, USA). Filtered and humidified air was pumped through PTFE (polytetrafluoroethylene) tubes into sealed cylindrical glass chambers (43 cm high and 18 cm diameter) that contained the plants as odor sources, and then into the side arms of the olfactometer. The air flow was adjusted to 0.1 L min − 1 arm − 1 . The assays were conducted during the daytime, from 09:00 to 12:00 h and 14:00 to 16:00 h, when the parasitoids were most active. The olfactometer was positioned horizontally and was rotated 90° in each replicate to prevent side bias. A single naïve female wasp was released in the center of the olfactometer. We observed the olfactory behavior of each parasitoid wasp for 10 min. During this period, we recorded the first choice (the first olfactometer quadrant entered by the wasp), the number of entries into each quadrant, and the wasp's residence time in each quadrant. The central quadrant was considered as insect no-choice. Each replicate consisted of the olfactory behavior of a single female. In each assay, the treatments were arranged randomly in the quadrants. We evaluated the preference of E. desantisi exposed to the following combinations: (i) blank vs. undamaged melon at a quadrant ratio of 3:1 (3 blanks and 1 quadrant with an undamaged melon plant); (ii) blank vs. infested melon plant at a quadrant ratio of 3:1, respectively; and (iii) blank vs. undamaged vs. infested melon plant at a quadrant ratio of 2:1:1, respectively. We conducted a total of 50 trials, divided into three blocks, each block containing all treatment combinations.
Plant volatile collection and analysis
Undamaged and infested melon plants were sealed in individual polyester (PET) bags (8 L). The upper right end of the bag was connected to the ARS system described above, pumping in filtered and humidified air at 0.2 L min − 1 ; the upper left end was coupled to a vacuum pump attached to filters with the adsorbent polymer Haysep® (30 mg, 80/100 mesh, Alltech Assoc.), which pulled air through the bag at a rate of 0.1 L min − 1 . We collected volatiles from six plants of each treatment for 24 h, using a photoperiod of 12L:12D. The polymer filters were washed with 150 µL of hexane and the extracts were placed in sealed glass vials, which were stored in a freezer at − 30 °C until analysis. We added 5 µL of a 50 ng µL − 1 nonyl acetate solution as internal standard to each sample. Samples were analyzed in an Shimadzu 2010 gas chromatograph (GC) equipped with a flame ionization detector (FID) and using an HP-1MS column (30 m × 0.25 mm ID, 0.25 µm film thickness; Agilent Technologies, Santa Clara, CA, USA). Two microliters of each sample was injected into a splitless injector, with helium as carrier gas. Oven temperature was maintained at 40 °C for 5 min, then increased at 5° C min − 1 -150 °C, held for 1 min, then increased at 10° C min − 1 -250 °C and held for 20 min. Each compound was quantified based on the compound peak area relative to nonyl acetate in the GC-FID. In order to characterize the compounds, samples were injected into a Shimadzu QP 2010 Ultra gas chromatograph coupled with a quadrupole mass spectrometer (GC-MS Quadrupole), adopting the same settings used for the GC-FID. Compounds were identified by calculating the Kovats index as well as comparing their mass spectra to the NIST 08 Mass Spectral Library (Sigma-Aldrich, St. Louis, MO, USA) and, when available, to those of the synthetic standards.
Olfactometer assays with synthetic compounds
We tested the attraction of E. desantisi to synthetic monoterpenes and alkane volatiles corresponding to those that were predominantly released by B. tabaci-infested melon plants, using a four-arm olfactometer, following the same method described above. A blend of synthetic compounds (all from Sigma-Aldrich, purity > 95%) was prepared using 1 mL of hexane as solvent and each compound released by the plants, in the following concentrations: α-pinene (30 ng mL − 1 ), β-pinene (30 ng mL ). For each trial, a wad of dental cotton was impregnated with 10 µL of the synthetic-compound blend or with only hexane (control), left to evaporate for 10 min, and then inserted into one of the olfactometer side-arm connectors. The treatments were arranged randomly in the quarters, at a treatment:quadrant ratio of 2:2. Each replicate consisted of observing the olfactory preference of a single female, for a total of 30 trials divided into two blocks.
Statistical analyses
In the olfactometer assays, arms containing the same treatment were grouped and their hypothetical probabilities of occurrence were combined. The parasitoids' first choice and the proportion of parasitoids entering the arms with odors were analyzed by binomial test when comparing two treatments (blank vs. undamaged or blank vs. infested plants) and by multinomial test when comparing three treatments (blank vs. undamaged vs. infested plants) with the null hypothesis H 0 that each olfactometer arm has an equal probability of being chosen. The wasps' residence time in the olfactometer quarters was assessed by Friedman's two-way test, considering odor treatments as factors. A significant Friedman's test was followed by a Wilcoxon's test with Bonferroni's correction for multiple comparisons. Quantifications of the individual melon compounds, volatiles grouped by chemical class, and total emissions were evaluated with the non-parametric Wilcoxon signed-rank test. Additionally, the plant volatiles combined by chemical class were submitted to a Principal Components Analysis (PCA) based on Pearson's correlations, to account for relationships among compound groups. All data analyses from plant volatiles were evaluated in Minitab® Release 14 (Minitab Inc., State College, PA, USA). The insect bioassay data were evaluated in the statistical software "R" version 3.1.2 (http://www.r-proje ct.org). We used the significance levels of 5 and 1% in all statistical analyses.
Results
Olfactometer assays with melon plants
The wasps' first choice (Fig. 1a, binomial test , N = 50, P = 0.26) and time spent (Fig. 1c, Friedman χ 2 = 0, df = 1, P = 1) did not differ in the odor quadrants of blank compared to undamaged melon plants. However, the proportion of wasps entering an olfactometer quarter was higher in arms with undamaged melons than in blank arms (Fig. 1b , binomial test, N = 78, P = 0.03).
Females of E. desantisi preferred volatile compounds from host-infested melon plants instead of blanks, in their first choice (Fig. 1a, binomial test , N = 50, P = 0.02). In addition, the proportion of wasps entering (Fig. 1b, binomial test , N = 133, P < 0.001) and the time spent (Fig. 1c , Friedman χ 2 = 21.10, df = 3, P < 0.001) in arms with the odor from host-infested melon plants were higher than in blank olfactometer arms.
When E. desantisi was exposed to blank, undamaged and infested plants scents at the same time, the wasps' first choice did not differ among treatments (Fig. 2a, multinomial test, N = 50, P > 0.14). Nonetheless, wasp entrance (Fig. 2b , multinomial test, N = 132, P < 0.01) and time spent (Fig. 2c , Friedman χ 2 = 10.34, df = 3, P = 0.01) in host-infested-odor olfactometer quarters were higher than in blank and undamaged-melon odor quadrants, while the response to undamaged melons did not differ from blank arms (P > 0.56).
Melon plant volatiles
We identified 12 volatile compounds in samples collected over 24 h from undamaged and host-infested melon plants (Table 1 , Online Resource 1). There was no difference in the total amount of volatiles released by the treatments (Fig. 3a , Wilcoxon signed-rank test, W = 12, P = 0.39). Considering individual volatiles, the emissions of all compounds did not differ significantly between treatments (Table 1, Wilcoxon signed-rank test, W > 8, P > 0.13), except for methyl salicylate and tetradecane, which were released only by Fig. 1 Preference of the parasitic wasp Encarsia desantisi for blank and flowering-melon volatiles in the four-arm olfactometry assay. Parasitoids' first choice (a), entering arm frequency (b) and time spent (mean ± SE) (c) in olfactometer quadrants with blank (white bars), volatiles from and undamaged melon (gray bars) or from hostinfested melon plants (black bars). *Designates significant difference at 5% according to binomial test (a, b) or according to Friedman's two-way test followed by Wilcoxon's test with Bonferroni's correction for multiple comparisons (c); ns no significant difference host-infested plants (Table 1 , Wilcoxon signed-rank test, W = 3, P < 0.01).
There were noticeable differences in the emission of individual compounds between the treatments, in spite of a wide variability in emissions. Therefore, when compounds were grouped in chemical classes, the volatile emissions by undamaged and host-infested melon plants did differ quantitatively (Fig. 3b) . Host-damaged melon plants released larger amounts of monoterpenes (Fig. 3b, Wilcoxon signed-rank test, W = 2, P = 0.03) and alkane (Fig. 3b , Wilcoxon signed-rank test, W = 3, P > 0.04), while undamaged plants emitted larger amounts of benzenoids (Fig. 3b , Wilcoxon signed-rank test, W = 0, P < 0.01).
Analyses of the volatile composition using PCA for compounds grouped in chemical classes showed that the first component, which comprised 46% of the variance, separated host-infested from undamaged melon plants (Fig. 4) . This was correlated with the abundance of monoterpenes and alkane, in contrast to benzenoids (Fig. 4) .
Olfactometer assays with synthetic compounds
The parasitoid wasps first chose odors from the blend with synthetic compounds, compared to hexane (Fig. 5a , multinomial test, N = 30, P < 0.001). Furthermore, the wasps spent more time in olfactometer quadrants that contained synthetic volatiles than in quadrants that contained the hexane solvent alone (Fig. 5b , Friedman χ 2 = 4.80, df = 1, P = 0.02).
Discussion
Our data showed that E. desantisi discriminates melon volatiles from flowering plants, and that the parasitoid attraction is dependent on host-derived cues, similarly to other species of Encarsia (Guerrieri 1997; Birkett et al. 2003; Li et al. 2014) . Although the wasps did not spend more time in or first choose olfactometer arms containing odors from undamaged melon plants over blank arms, the entering frequency was higher in the plant-scent quarter, which suggests that E. desantisi recognizes volatiles from intact melons. Several other species of parasitic wasps do not display a strong attraction toward undamaged plants (Blassioli Moraes et al. 2005; Tamiru et al. 2011) , since reliable information from host location at long distances is generally obtained from wound-induced plants (Bruce et al. 2005; Bruce 2014) . Therefore, we then tested the preference of females for blanks over host-infested melon plants. For all parameters evaluated, the parasitic wasps oriented toward the host-damaged plants, indicating that whitefly-related cues are essential to attract E. desantisi during its host-searching behavior. Parasitoids must discriminate among many sources of odors while searching for suitable hosts (Aartsma et al. 2017) . We evaluated E. desantisi preferences for blank arms and for volatiles from undamaged and host-infested flowering melon plants. The females oriented equally to all scents at first but entered olfactometer arms with whitefly-induced plants more often and spent more time there. Other Encarsia species, such as E. formosa, engage in random searches in order to find their host (Roermund and Van Lenteren 1995a; Van Lenteren et al. 1996; Sütterlin and Van Lenteren 2000) . Once an Encarsia wasp encounters host-associated cues, the Fig. 2 Preference of the parasitic wasp Encarsia desantisi for different flowering-melon volatiles in the four-arm olfactometry assay. Parasitoids' first choice (a), entering arm frequency (b) and time spent (mean ± SE) (c) in olfactometer quadrants with blank (white bars), volatiles from undamaged melon plants (gray bars) or from host-infested melon plants (black bars). *Designates significant difference at 5% according to multinomial test; ns no significant difference; same letters do not differ according to Friedman two-way test followed by Wilcoxon's test with Bonferroni's correction for multiple comparisons parasitoid orients its walking and flying toward host-related patches (Guerrieri 1997; Sütterlin and Van Lenteren 2000; Zilahi-Balogh et al. 2009 ), consequently entering areas containing these sources of odors more often (Guerrieri 1997; Birkett et al. 2003) , as well as spending more time tracking volatiles from infested plants (Roermund and Van Lenteren 1995b; De Vis et al. 2003; Zilahi-Balogh et al. 2009 ).
We analyzed the volatiles emitted by undamaged and whitefly-infested flowering melon plants in order to determine the compounds that are responsible for attracting E. desantisi. Under both treatments, the plants released individual volatiles in similar amounts, except for methyl salicylate (MeSA) and tetradecane, which were emitted exclusively by host-induced plants. MeSA is a volatile derived from the salicylic-acid pathway (Erb et al. 2012) , and is a defensive hormone triggered by feeding of the whitefly B. tabaci (Walling 2008) . MeSa is widely employed by predators and parasitoids during host-finding behavior (Zhu and Park 2005; Mallinger et al. 2011) , and the use of synthetic lures containing this compound has proved to be efficient in monitoring and recruiting natural enemies in several fruit crops (James 2003b; James and Price 2004; Rodriguez-Saona et al. 2011) . Conversely, the alkane tetradecane found in whitefly-infested plants might be derived from the plant, the whiteflies, or both. In some species, tetradecane occurs in volatile blends from both undamaged and host-infested plants in some species ), although after early wound induction it can be emitted at higher rates by insect-damaged plants (Lou et al. 2005) . Tetradecane may also be a kairomone cue for natural enemies, since the feces of some insect species contain this alkane (Steidle et al. 2003 ) and result in an intense olfactory activity of egg parasitoids (Morawo et al. 2016) . Similarly, to most of the individual compounds, the total volatiles released by undamaged and host-infested flowering melons did not differ statistically. Unlike tissue-damaging herbivores, phloem-feeders stimulate the emission of smaller quantities of volatiles compared to intact plants, and at times no changes may be detectable (Du et al. 1998; Turlings et al. 1998; Rodriguez-Saona et al. 2003; Silva et al. 2017) , due to the minimal leaf injury inflicted and to salivary effectors that prevent the synthesis of volatiles (Walling 2008) . Although Desurmont et al. (2015) showed that herbivory induces much smaller amounts of leaf volatiles in flowering than in vegetative plant stages, parasitic wasps are still able to recognize nuances of plant-blend composition in order to effectively locate their host (Bruce et al. 2005) .
We therefore grouped plant volatiles in chemical classes, in order to investigate potential qualitative differences between undamaged and whitefly-infested flowering-melon volatiles that mediate the preference of E. desantisi. The alkane class consisted only of tetradecane, which was emitted only in whitefly-induced melons. Interestingly, whitefly feeding reduced benzenoid emissions at the same time that it increased the release of monoterpenes. In consequence, the high levels of terpenoids might underlie the preference of E. desantisi parasitoids for host-infested plants, as they do for most natural enemies (Degenhardt et al. 2003; Kappers et al. 2005) .
Since several benzenoids are flowering-related volatiles (Dudareva et al. 2004; Vogt 2010) and moterpenes are mostly defense-related volatiles (Dudareva et al. 2013) , we speculate whether the phloem-feeding of whiteflies would cause a trade-off between reproduction and defense in flowering melon plants. Volatile shifting may be the primary paradigm in plant biology, which is the allocation of resources, since energy devoted to defense is unavailable for reproduction and vice versa (Herms and Mattson 1992; LucasBarbosa et al. 2011; Lucas-Barbosa 2016) . Few studies have described defense and reproduction trade-off mechanisms induced by phloem-feeding insects in flowering plants, their effects on third-trophic-level interactions (Hare 2010; LucasBarbosa et al. 2011; Lucas-Barbosa 2016) . The reproductive effect of whitefly feeding on melon plants is beyond the scope of this study, but our analyses of volatiles grouped by chemical classes could indicated that intense feeding of B. tabaci nymphs, which reduces the plant phloem content (Stansly and Naranjo 2010) , also reduced the flower compounds and simultaneously increased the defenses that make a plant highly attractive to parasitoids. Further investigations are required to clarify the defenses strategies of melon plants throughout their ontogeny, which would include comparisons of the emission of volatiles compounds in all vegetative and reproductive stages, before and after B. tabaci attack. Parasitoids' first choice (a) and time spent (mean ± SE) (b) in olfactometer quadrants with hexane or synthetic volatiles mimicking hostinfested plant. *Designates significant difference at 5% according to binomial test for first choice or Friedman two-way test followed by Wilcoxon's test with Bonferroni's correction for multiple comparisons Based on the preference of E. desantisi, we selected the most quantitatively important terpenes and alkane, in order to mimic the defensive compounds of host-infested flowering melon plants that attracted the parasitoids. We produced a mix of synthetic compounds comprised the monoterpenes α-pinene, β-pinene, β-myrcene, and β-ocimene, the benzenoid MeSa, and the alkane tetradecane. The wasps first chose and spent more time in the mix of volatiles than in the hexane-solvent odor areas, indicating a strong preference for the mimic scent. Previous studies have shown that hymenopteran parasitoids are attracted by a wide range of synthetic volatiles, both in laboratory assays (Birkett et al. 2003; Lou et al. 2005; Bruinsma et al. 2009; Li et al. 2014 ) and as field lures (James 2003a, b; James and Grasswitz 2005) . Since specialist parasitoids are more discriminatory in exploiting HIPVs than are generalist parasitoids (McCormick et al. 2012) , the adoption of synthetic lures that best mimic the complex volatile blend of host-infested plants is more likely to efficiently recruit parasitic wasps. Furthermore, specialist parasitoids extensively employ plant volatiles as valuable cues to locate hosts at a suitable stage of development for parasitism (Takabayashi et al. 1995; Yoneya et al. 2009 ). Thus, lures that release volatiles closely associated with specific host damage at the ideal stage of development for parasitism, such as our synthetic blend tested on E. desantisi in flowering melon plants, would be even more effective in recruiting and monitoring natural enemies, helping in biological-control strategies (Kaplan 2012) .
In summary, we found that the whitefly B. tabaci induces the emission of different volatile blends in infested compared to undamaged flowering melon plants. Although the amount of volatiles and the majority of individual compounds did not differ between the two plant treatments, only the host-infested melons released MeSa and tetradecane, compounds known to attract natural enemies. In addition, whitefly-infested flowering melon plants displayed a tradeoff between defensive and reproductive volatiles, emitting high amounts of monoterpenes and alkane and reducing the release of benzenoids. The parasitoid E. desantisi recognized volatiles from undamaged flowering melons; however, these wasps strongly preferred the odor of infested flowering plants. Additionally, the wasps were attracted to the mix of synthetic defensive volatiles that mimicked whitefly-infested flowering melons, opening a new avenue for further investigations on the use of olfactory lures in the biological control of B. tabaci. To the best of our knowledge, this is the first report of induced defenses in melon plants and melon volatiles mediating a tritrophic interaction. This is also the first study to evaluate the use of plant volatiles by E. desantisi parasitoids during their host-searching behavior.
